Watersheds are under increasing pressure worldwide, as expanding human activities coupled with global climate change threaten the water security of people downstream. In response, some communities have initiated investments in watershed services (IWS), a general term for policy-finance mechanisms that mitigate diverse watershed threats and promote ecosystem-based adaptation. Here, we explore the potential for increasing the uptake and impact of IWS, evaluating what limits its application and how institutional, financial, and informational barriers can be overcome. Our analysis complements the growing literature on individual programs by identifying levers at regional and global scales. We conclude that mainstreaming IWS as a costeffective strategy alongside engineered approaches will require advances that (i) lower institutional barriers to implementation and participation in IWS; (ii) introduce structural market changes and standards of practice that account for the value of watersheds' natural capital; (iii) develop practical tools and metrics of IWS costs and benefits; and (iv) share success stories of replicable institutional and financial models applied in varied contexts.
Introduction
Human societies depend on reliable supplies of clean water to support an increasing population and rising living standards, while ensuring health and well-being in the face of changing climate conditions. Yet, as forests decline, farmlands expand, and cities grow, people are often compromising the ability of ecosystems to ensure clean water flows (Foley et al., 2005; Palmer et al., 2015) . This situation complicates the substantial challenges facing governments, development agencies, and corporations, who will need to make sizable investments in water infrastructure -an estimated US$11.7 trillion between 2013 and 2030 -to keep pace with human needs in the coming decades (Dobbs et al., 2013) .
To meet these challenges, an alternative approach to securing clean water supplies through protecting and restoring ecosystems (also referred to as ecosystem-based adaptation) has emerged in a growing number of programs globally (Critchley et al., 2008; Goldman-Benner et al., 2012; Talberth et al., 2013) . Broadly termed Investments in Watershed Services (IWS), these programs are motivated largely by three premises: (1) addressing water quality challenges at their source may be more cost-effective than mitigating problems downstream, (2) protecting source water areas can in some cases -such as cloud forests (Bruijnzeel, 2004) and páramo (Buytaert et al., 2006 ) -provide water quantity benefits, and (3) in some cases enhance reliability of local supplies through hydrologic regulation (Richter et al., 2013; Bennett and Carroll, 2014) . These water quantity and quality benefits from wellfunctioning terrestrial ecosystems are generally referred to as hydrologic, or watershed, services (Brauman et al., 2007) . Generally, IWS programs support a portfolio of activities tailored to local conditions to protect and restore ecosystems or to implement agricultural best practices, with the goal of protecting or restoring these watershed services.
Following the definition used by Forest Trends (Bennett and Carroll, 2014) in their global survey of investments in natural infrastructure to secure water, we use the term IWS here to encompass a broad category of finance and governance structures that fund watershed restoration or protection in order to secure its benefits to society. Programs included under this umbrella can take many different forms, from public investments in land conservation to private PES schemes to philanthropic investments or a mix of all these. A common feature is that they aim to link upstream service providers with downstream beneficiaries, and may include payments for watershed services, water funds, source water protection programs, reciprocal agreements for water, and ecocompensation, just to name a few.
Engineered approaches will undoubtedly remain an essential component of future water sector investments (Muller et al., 2015) ; however, such approaches can be prohibitively costly in an era of increasing fiscal constraints (Rodriguez et al., 2012) . Moreover, built infrastructure that is fixed in location and capacity, or that transfers water over long distances, may lack resilience to climate change, especially when contrasted with ecosystem-based adaptation achieved through adaptively managing watersheds (Wertz-Kanounnikoff et al., 2011) . IWS provides a complementary approach, though not a full substitute, to engineered approaches, by diversifying strategies for water security and potentially providing environmental and social cobenefits as well (Palmer et al., 2015) .
A 2013 survey reported at least 345 IWS programs in operation globally with an annual investment totaling US$12.3 billion (Bennett and Carroll, 2014) . More broadly, awareness of natural solutions is growing in both public (e.g., Sabatier et al., 2005; and private sectors (e.g., Lambooy, 2011; Money, 2014) and there are likely many more programs aimed at securing watershed services that are not captured in this total. Yet, despite rapid growth -from less than 50 self-reported programs in 2000 to 345 in 2013 (Bennett and Carroll, 2014 ) -IWS remains a relatively small-scale and place-specific approach rather than a sectoral strategy broadly supported by existing policies, financial mechanisms, and institutional norms. This contrasts starkly with the widespread use and support for engineered solutions in the water sector.
Research suggests that watershed services can be well-suited to IWS arrangements, particularly where a single downstream beneficiary may be identified or created through policy interventions (Brouwer et al., 2011; Farley and Costanza, 2010; Kemkes et al., 2010) . Given that IWS has the potential to be a cost-effective and complementary water security strategy, why does its application remain limited, and how can barriers to its adoption be overcome? Here, we aim to identify pathways by which water resource planners and infrastructure investors could routinely integrate natural solutions alongside engineered approaches in strategically-designed portfolios.
There is a growing literature on IWS design, implementation, and evaluation, but most research focuses at the scale of individual programs. The focus tends to be on local aspects of IWS design, whether ensuring efficiency (e.g., Galler et al., 2015; Wünscher et al., 2008) , or balancing it with social equity and responsiveness to local concerns (e.g., Kovacs et al., 2016; Muradian et al., 2013; Narloch et al., 2011) . While we agree that these local design factors are critical, our aim in this paper is to complement this literature by identifying regional and global enabling conditions to make IWS more attractive, relevant and widespread to decision makers from local to global scales. IWS programs will always face difficult choices as local providers and beneficiaries of watershed services are engaged, choices relating to tradeoffs between economic efficiency, equity, and other social and environmental considerations in planning and management (Vira and Adams, 2009; Muradian et al., 2013 ). Yet, removing major barriers could help ensure that these options are considered alongside engineering approaches and adopted where appropriate.
Turner and Daily (2008) identified three barriers to increasing investment in ecosystem services, which provide a useful framing to evaluate the obstacles to mainstreaming IWS. First, decision-makers face an "institutional failure" in that downstream communities reap benefits from watershed management, yet upstream land stewards incur the costs of such activities. IWS provides incentives to overcome this failure by transferring resources from downstream to upstream actors, thereby helping to overcome jurisdictional mismatches, integrating siloed and sectoral approaches, and aligning resource and governance boundaries. Yet, the suitability of these arrangements depends importantly on institutional context (Kovacs et al., 2016; Muradian et al., 2013) , and local actors often face disincentives or legal structures that impede its consideration .
Second, a "market failure" -due to economic externalities and the physical characteristics of water as a common pool resource -incentivizes downstream water users to free ride off benefits provided by upstream communities. Yet current market structures -such as pervasive undervaluation of the benefits of watershed stewardship and a lack of widely supported financial mechanisms to overcome this market failure -impede the widespread adoption of IWS (Postel and Thompson, 2005) .
Finally, decision-makers face an "information failure" regarding the magnitude and distribution of how nature benefits people at scales pertinent to decisions. While water sector planners have the knowledge and tools needed to quantify the costs and expected water security gains from engineered solutions, they lack comparable information for natural solutions (Talberth et al., 2013) .
Based on these challenges, we propose three major advances needed to mainstream IWS: (i) address cross-cutting institutional barriers through policies that encourage upstream and downstream actors to partner for mutual benefit, (ii) fully value the contribution of watersheds to securing clean water supplies through supportive policy and market structures, and (iii) generate the science and practical tools needed by institutions to evaluate and incorporate IWS. Across all of these, there is a need to synthesize and share knowledge and models for success, reaching beyond academia and the environmental community to professional societies and major actors in the water sector.
We discuss each of these proposed advances, drawing upon the literature and our collective experience. Scaling IWS will require scientific, financial, and policy tools beyond the needs of individual programs to expand participation from national and local governments, corporations, development agencies, and others who are key to the future of the water sector.
Institutions
Unlike engineered solutions implemented at a single site (e.g., water treatment plant), IWS strategies are often more complex, as they require the coordinated action of many actors within a physically-defined watershed, frequently across governance and cultural boundaries. There is often little or no precedent for these actors to recognize their mutual interest nor existing incentives to cooperate (c.f. Bennett et al., 2016; Biswas, 2008) . This increases transaction costs, further decreasing the incentive for cooperation. The often large number of small landholders in many source watersheds presents challenges to implement (and monitor) land use change at a scale that matters for water security. In addition to these efficiency challenges (Kemkes et al., 2010) , issues of trust, transparency, power dynamics, and equity are pertinent when designing programs and incentives at all levels (Pascual et al., 2014; Corbera et al., 2007; Muradian et al., 2010) . Designing IWS programs that overcome these challenges thus presents a significant collective action problem (e.g., Vira et al., 2012; Muradian et al., 2013) .
Here, we focus on (i) understanding the roles and interests of key actors in the water sector, (ii) matching institutional with watershedscale goals, and (iii) broadening engagement. Collectively, these advances would create more conducive enabling conditions and policies for IWS at regional and global scales that can help to lower transaction costs and perceived risks for local actors.
Who decides? Actors and scales
Diverse actors at local to global scales have the potential to facilitate or impede funding and implementation of IWS strategies (Fig. 1) . Global/regional actors -for example, multilateral institutions, large corporations, national and state governments, and large NGOsdetermine or influence international and national-level policies, set targets to be met by multiple local actors, provide substantial funding for infrastructure projects, and direct resources to local projects. At the local scale, cities, municipal water utilities, multi-stakeholder watershed councils, and individual corporate facilities need to understand available options and implement strategies tailored to the local context. Finally, providers of watershed services, whether as individuals (or groups of individuals) in households, communities, or corporate employees (such as facility managers), make the most direct water use and land management decisions, and their ability to realize benefits and their buy-in to collaborative management are critical to the sustainability of IWS (Pascual et al., 2014) . For IWS to succeed, these actors must have adequate capacity, information and incentives so that implementing improved watershed practices is a desirable choice, compatible with their long-term aspirations as well as the internal power dynamics among local resource managers (Kovacs et al., 2016) .
Most actors operate primarily at a particular scale − for example, a municipal water utility is concerned with its source watersheds (local scale) while a development bank operates across a regional sphere of influence. However, multi-national corporations are an example of an actor with discrete interests at each scale. Globally, they are major users of water and make high-level strategic decisions to limit exposure to water risks that could limit profitability (Hoekstra, 2014) . At other scales, these corporations employ strategies related to each facility they operate, collectively across all facilities, and also for materials sourced through their supply chain.
Institutional factors and power relations shape whether, and how, these different water sector actors interact, collaborate, negotiate, and transact around IWS. The equity and efficiency of IWS programs are highly influenced by dynamic local conditions. Yet we argue that regional and global conditions are just as important in promoting, or limiting, consideration of IWS by local actors, and that equal attention should be paid to enabling policies at those scales. The Latin American Water Funds Partnership is one example of a regional public-private partnership that enables knowledge exchange and leverages successful models to support and expand programs throughout Latin America (Box 1). Fig. 1 . Actors and actions that influence adoption of IWS as a strategy at multiple scales. At the largest scale, regional and global actors influence policy and direct resources to different types of infrastructure strategies through development aid or direct investment. At the local scale, actors such as cities, communities, and corporate operations engage in partnerships and design programs to meet their water security goals. At the smallest scale, individual communities, households, or corporate employees (such as facility or land managers) must be eligible and willing to participate and to implement the required interventions. Each of the actions outlined here requires information and tools tailored to the relevant decision scale, and can include screening for opportunities, designing policies, quantifying return-on-investment (ROI), and monitoring effectiveness. Our grouping of actors into global/regional, local, and individual categories is meant to illustrate pertinent considerations at each scale, while recognizing that actors and their influence exist across a gradient rather than having strict boundaries between scales.
Box 1
Latin American Water Funds Partnership: Scaling through regional partnership Launched in 2011, the Latin American Water Funds Partnership (LAWFP) works to improve the science basis, institutional capacity, and funding for a subset of IWS initiatives across Latin America, generally called "water funds". Water funds are operational in major cities such as Quito, Ecuador (population 1.6 M, US$13.3 M total funding to date), Lima, Peru (population 8.5 M, US$0.8 M total funding to date), Bogota, Colombia (population 6.8 M, US$0.8 M total funding to date), and Monterrey, Mexico (population 4.1 M, US$2.9 M total funding to date; Bremer et al., 2016) . The LAWFP is an alliance of The Nature Conservancy, FEMSA Foundation, Inter-American Development Bank, and Global Environment Facility, which currently supports 17 operating programs and 21 more under development.
The LAWFP works to streamline the design, operation, and scaling of water funds. Rather than trying to standardize programs across the region, the LAWFP provides a suite of replicable and scalable financial, governance, and conservation activity options than can be adapted to local contexts. Further, partnerships with academic researchers have facilitated advances in identifying water risks and opportunities, designing effective management interventions, and building local capacity.
Major funders can simultaneously fund multiple projects through the partnership, thereby reducing transaction costs. While individual water funds continue to garner their own support, they benefit from regional funding and other resources available through the network. The partnership is currently working to expand IWS to new cities with a high potential for positive return on investment. The LAWFP provides an example of the type of institutional scaling mechanism that, if replicated in other regions, could greatly advance uptake of IWS. In China, there is now strong policy support at the national level for basin-scale management, including regional water transfers, through land zoning that focuses investment in critical source areas of ecosystem services such as provision of drinking water, irrigation, and hydropower (Zheng et al., 2013; Li et al., 2015) . A critical element in all of these cases is formalizing basin-wide cooperation in water resource decisions, which shifts the focus of the water sector and aligns regional stakeholder interests at a watershed scale.
Matching institutional mandates with watershed scales
These initiatives have been successful in supporting a broader role for solutions that integrate engineered and natural approaches. Efforts by local actors to experiment with new approaches often face political resistance and rigid institutions Sadoff et al., 2015) , so that legitimizing and supporting these efforts at larger scales is key. Furthermore, these policies must adequately incentivize regional and local actors, public and private, to understand and leverage cobenefits that may come from IWS, such as human health improvements, cultural benefits, biodiversity, carbon sequestration, or livelihood security.
Broadening engagement
Given that investment in the water sector is well below current and projected future needs (OECD, 2007) , capturing the economic values of source watershed protection to beneficiaries who have the capacity and motivation to invest in these landscapes could play a significant role in filling this gap. Hydropower and reservoir operators (whether publicly or privately controlled), agriculture, recreational users, and industry all have the capacity and motivation to fill this role.
Corporate actors are also an obvious player in this space, and they are often positioned at both ends of the service flow − that is, they can act as both providers (as landholders) and beneficiaries (as water users) of watershed services. Recently, a variety of initiatives have arisensuch as the CEO Water Mandate, the World Business Council on Sustainable Development, Business for Social Responsibility, and CDP's Water Program -that provide fora for businesses to share knowledge about material water risks, experiences and strategies for mitigating operational and humanitarian risks, and stories of success.
Municipal leaders are increasingly expanding watershed partnerships beyond traditional water sector actors (Sabatier et al., 2005) , and regulation provides a powerful incentive for participation . Supporting cross-sectoral integration of goals and approaches, institutionalizing participation of other sectors in water management, and clearly defining roles, responsibilities and methods for accountability are key to expanding participation of these nontraditional actors. Furthermore, policies that provide incentives for actors, ranging from individual landholders to municipalities to corporations, to value the contribution of their land stewardship to water and other co-benefits, as well as advances in modeling and metrics to measure these, are also needed. New standards of practice for capital valuation and financial mechanisms will be required to support such policies.
Valuing watersheds
Market externalities and the public goods nature of water result in systematic underestimation of the full social value of water (Sadoff et al., 2015) . With few exceptions, water users pay only for the cost of storing, cleaning, and delivering water to users. Yet, the cost of maintaining the natural capital in healthy watersheds is rarely included. As a result, governments, businesses, and other water sector actors lack incentives to align private and social values of water use, resulting in chronic underinvestment in source watersheds. For example, a report for the TEEB for Business Coalition estimated that market failures result in an estimated US$1.9 trillion per year in environmental and social costs of global business water use (Trucost, 2013) .
This poses a problem for cities and other downstream users directly; yet, it also affects national and multinational actors who seek the most cost-effective pathways to secure clean water supplies. In a time of tightening public sector fiscal allocations and increasing risk aversion by lenders, many are calling for increased private sector investment in water infrastructure (Money, 2014) . IWS provides a way to engage new downstream beneficiaries, such as private sector actors, who are highly exposed to risks associated with insufficient infrastructure and who may benefit from source watershed conservation.
While correcting this market failure is not simply a technical problem, we highlight two ways to accelerate incorporation of the value of watersheds' natural capital: (1) valuing the contribution of watershed stewardship to public good and private values, and (2) legitimizing these values through incorporating natural capital assets into general accounting standards. Collectively, these improvements could help water sector actors at different scales make economic decisions that better value water resources in the greater interest of society. These components are also important to support the broader institutional advances identified in Section 2, by streamlining the ability of water sector actors to identify the conditions in which IWS can produce attractive returns privately and socially, and then to mobilize funding to implement it.
Valuing watershed stewardship
Regulations, incentives, and other policies are key to leveling the playing field so that the responsibility, costs, and benefits of watershed stewardship are equitably distributed across different water sectors actors, landholders, and society. Financial mechanisms that help water providers internalize these values will support the effective implementation of policies to align watershed and institutional goals as outlined in Section 2.2. An example of such a policy is Brazil's "Ecological" Value Added Tax (ICMS-Ecológico in its Portuguese acronym), which serves as a distribution mechanism for value-added taxes from state to municipal governments to incentivize management and creation of protected areas. First introduced by the state of Paraná, the distribution scheme includes an ecological component that aims to compensate municipal governments for the loss of potential tax revenue when designating conservation areas, including source watershed protection lands (Ring et al., 2011) . Such schemes can encourage water providers and municipal leaders to integrate the state of their natural capital assets into balance sheets and risk assessments. Further, individual landholders and communities will benefit from clearly articulated policies and procedures for assessing and communicating the broader social and economic values of their watershed stewardship. These mechanisms help to facilitate the necessary cooperation and negotiation that enable IWS programs, helping landholders to realize and benefit from those values.
Finally, for businesses that are highly exposed to water risks, improved water valuation can make the role of healthy natural capital explicit, making IWS strategies more clearly cost-effective for mitigating risks. In this vein, some companies are already establishing internal shadow pricing schemes for water, akin to internal carbon prices that are relatively more widespread, or developing strategies for water neutrality that include watershed stewardship as one component (Nel et al., 2009 Environmental Science and Policy 75 (2017) 19-27 a framework for water valuation and guidance for businesses on scoping and executing a water valuation exercise, and embedding the results into operations, marketing, and reporting.
Accounting standards that incorporate natural capital
A necessary advance to legitimize the values described in the previous section is the modification of widely-accepted accounting standards to reflect natural capital values on balance sheets. For water utilities and some corporate sectors (such as food and beverage), the condition of source watersheds is an economic consideration. Yet, accounting standards that govern financial reporting, capital expenditures, and borrowing costs do not recognize the contribution of intact ecosystems that protect water supplies, even though the function is comparable to water treatment infrastructure that does get counted (Cosman et al., 2012) . For example, requirements under the commonlyused International Financial Reporting Standards (IFRS) include detailed standards for reporting asset values and depreciation, as well as construction, borrowing, and replacement costs, but the condition and costs of maintaining terrestrial ecosystem assets (source watersheds) are not included. Similar constraints relate to corporate accounting and financial reporting standards, which underestimate the risks and potential losses associated with loss of natural capital (ACCA et al., 2012; The Royal Society, 2014) . This situation in turn limits the ability of utilities and businesses to finance and allocate funds to IWS. Accordingly, working with standards boards and corporate reporting protocols to account for natural capital is an important crosscutting step to improve enabling conditions for IWS (e.g., the in-development Natural Capital Protocol; Natural Capital Coalition, 2015).
Information
Implementing the institutional and financial advances described above will require targeted information to fill key knowledge gaps, support efficient resource allocation, and generate metrics to design and evaluate transactions around watershed services. Decision-makers require defensible information about which strategies will maximize return-on-investment (ROI) to achieve water security goals. One overarching reason that natural solutions are at a competitive disadvantage compared to engineered approaches is that they lack widely accepted and practical methods and decision-support tools to estimate costs, quantify projected outcomes and measure impacts (McDonald and Shemie, 2014) , which increases perceived risks and limits their consideration in the first place (Palmer et al., 2015) . Scientifically rigorous and more user-friendly decision-support tools are needed that provide information to the right actors, at the right time, in the right format (McKenzie et al., 2014) , and pertinent to the scales at which decisions are made (Mermet et al., 2013; McDonnell, 2008) . These should be coupled with careful analyses of the social, institutional and distributional consequences of IWS strategies, which will inform an assessment of the legitimacy and feasibility of these approaches.
Progress is needed in: (1) regional screening methods that identify source watersheds with the greatest opportunity for IWS to mitigate water risks; (2) streamlined, flexible modeling approaches for targeting and quantifying cost-effective watershed interventions to guide local implementation; and (3) performance metrics that enable comparability to and integration with engineered approaches. We focus on better aligning existing science with the information needs of decisionmakers, while recognizing that ongoing research is critical to advance understanding of the links between watershed management and certain water security issues, especially in under-studied geographies (Bruijnzeel, 2004; Foster and MacDonald, 2014; Ponette-González et al., 2015) .
Screening for opportunities
First, better screening approaches are needed for global and regional decision-makers to determine where IWS could most effectively play a role in mitigating water security risks, in order to direct resources to places with the highest opportunity (Fig. 1) . While decision-support tools to evaluate water risks directed at cities, regional authorities, and corporate actors are proliferating in the water sector (e.g., Water Risk Filter, Global Water Tool, Water Risk Monetizer, Aqueduct Water Risk Atlas), decision-makers often lack practical tools that quantify how effective IWS interventions could be based on local context (i.e., assessing the magnitude of opportunity). Box 2briefly describes a global analysis that identifies major cities where IWS interventions are likely to have a positive ROI. Such modeling approaches can help decision-makers identify where IWS is -and critically is not -likely to be an effective strategy for particular locations and for particular water security challenges, to guide how much relative emphasis should be placed on engineered versus naturebased solutions .
Designing cost-effective programs
The second advance is streamlined yet flexible modeling approaches to optimally design and quantify the ROI of watershed investment strategies -using metrics that address the needs of both providers and beneficiaries -in order to ensure that participants on both sides are satisfied with the terms and outcomes of the programs, and enabling adaptation when they are not. Understanding the costs and potential outcomes of specific measures on downstream locations and facilities, as well as the impacts to providers of conservation agreements, payment arrangements, or other terms, are critical to quantify ROI, to improve implementation efficiency, and to ensure equity at the local scale.
Models need to be simple enough to be accessible yet complex enough to capture key watershed processes (Guswa et al., 2014) . Key components that such models should capture include biophysical factors (e.g., soils, climate, slope, land cover) to determine where management activities will be more versus less effective spatially; activity cost information to quantify cost-effectiveness (or go even further to a cost-benefit analysis); and social information (e.g., stakeholder beliefs and preferences, legal restrictions, and the distribution of access rights and risks) to ensure that ROI results incorporate equity considerations, effectively promote the desired behavioral change (Floress et al., 2015) , and are meaningful to decision-makers (Mermet et al., 2013) . Furthermore, models must account for where on the landscape watershed services are provided relative to where people receive these benefits (McDonald, 2009 , Mandle et al., 2015 . Box 3 describes an example of a tool that illustrates this type of approach.
Watershed investments often produce benefits beyond water security outcomes, including economic, biodiversity, and livelihood benefits, which can create a powerful rationale for cooperation among diverse stakeholders. In practice, decision-makers are faced with a trade-off between estimating the full benefits from an IWS program to engage this broader constituency, and the need to keep evaluation and transaction costs low enough to make such schemes feasible (Muradian et al., 2010) . Standardized modeling approaches that adopt a multiple benefits framework for assessing ROI are needed to address this trade-off.
Is it working? Tracking IWS performance
Across all scales and decision contexts, a common issue is determining if policies, incentives, and IWS programs are achieving their stated goals in terms of improvements in ecosystem condition and how well this translates to downstream hydrologic services. In many cases, stated goals include improving livelihoods for local communities living in the A.L. Vogl et al. Environmental Science and Policy 75 (2017) 19-27 watersheds, but even without that stated goal, monitoring local impacts is critical because of the importance of buy-in from service providers and watershed residents to ensure the longevity of IWS programs. To address the first, the field must build performance and evaluation metrics for IWS that are comparable to those widely used for engineered approaches (e.g., present value of life cycle costs and benefits, economic and social impact analyses). To address the second, monitoring data on hydrologic and social impacts, integrated with ecosystem services modeling, can inform the design of new programs and guide adaptive management of existing ones. Major improvement is needed in funding long-term monitoring, standardizing methods to allow for robust analysis of counterfactual scenarios (i.e., in the absence of policy), and developing common reporting metrics. A recent global survey reported increased monitoring in IWS programs-54% of projects self-reported on monitoring for hydrologic and other biophysical outcomes in 2013, up from 40% in 2011-driven at least partly by demands from program investors for decision-related metrics like ROI (Bennett and Carroll, 2014) . It will take time to get results from monitoring programs (in part due to the time lag between implementing interventions and resulting impacts on water quality or quantity), but doing so is essential to produce a track record that is comparable to engineered solutions. This step will help build confidence in and reduce the perceived risk of IWS.
Discussion
IWS is an expanding strategy to confront water security challenges, yet its full potential is not yet being realized. We have argued that mainstreaming IWS requires institutional, economic, and informational advances that level the playing field at local to global scales for including natural solutions alongside engineered approaches. Researchers have written extensively about the promise and pitfalls of individual IWS programs in addressing institutional and market failures (e.g., Muradian et al., 2013; Kolinjivadi et al., 2015) . Innovation at the level of individual program design is essential, yet complementing it with regional and global policy change can create stronger enabling conditions and incentives for IWS to engage and benefit diverse water sector actors.
Current institutions and market structures still favor conventional engineering approaches. Policy advances can help match institutional goals with the scale of watershed services, broaden engagement in watershed management, and correctly value water to account for the contribution of watershed stewardship to economic and social opportunity. Improving access to decision-oriented information about if, where, and how well IWS will work, and for whom, and developing consistent performance metrics and predictable costs will be critical to closing the information gap.
Given the multi-scale nature of water governance, institutional and financial incentives should be aligned across scales to be most effective, and information should be delivered in the right form for the decision
Box 2 Screening for IWS opportunities
It is often difficult for institutional decision-makers to quickly analyze the potential for source watershed conservation in a particular location. To address this, The Nature Conservancy and partners released the Urban Water Blueprint (McDonald and Shemie, 2014) , which estimates the effectiveness of five strategies: forest fuel reduction, land protection, reforestation, riparian restoration, and agricultural best management practices. The report evaluates how these activities can reduce sedimentation and nutrient pollution in more than 2000 source watersheds serving 534 cities worldwide (Fig. B2.1) .
Out of all 534 cities analyzed, one in four would have a positive return on investment for watershed conservation. If all possible conservation strategies were applied, global water savings on treatment plant operations and maintenance would be US $890 million per year. This return on investment varies among cities, and a data visualization site provides results for specific cities and watersheds, allowing municipal leaders to quickly evaluate the cost and benefits of investing in more detailed analyses of IWS potential. A.L. Vogl et al. Environmental Science and Policy 75 (2017) 19-27 context. Ultimately, each of the advances described above in policy, valuation and accounting standards, monitoring and reporting will help to align water policy across scales, while progress in decision support will provide information needed to direct resources effectively, engage new audiences, and support efficient and equitable outcomes. In particular, some unique characteristics of private sector actors point to their potential to be a key force in catalyzing collective action and promoting (or impeding) IWS. The fact that the interests of large, multinational corporations can span multiple scales and across both buyers and providers of ecosystem services means that they could play a strong role in integrating across scales of water governance, provided that the necessary policy mechanisms and market signals are in place. Recent examples point to some major corporations increasingly playing this role (WBCSD, 2012b) .
The full benefits of IWS will not be achieved without addressing all these factors to some degree, as they are complementary and mutually reinforcing. Even as substantial advances are made at regional and global scales, there will remain many local challenges (e.g., asymmetric political processes, property rights, social norms, trust) that play an important role in shaping whether and how IWS programs are implemented efficiently and equitably (Sabatier et al., 2005; Muradian et al., 2013; Kolinjivadi et al., 2015) . There are associated risks to IWS, of course, not least the possibility that the distribution of water might be skewed in favor of those with the ability to pay, rather than serving those with the greatest need. It is important, therefore, to include provisions and to implement social monitoring programs that track the distributional, procedural, and recognitional dimensions of social equity in IWS programs (Pascual et al., 2014) , in order to prevent perverse distributional outcomes.
A final cross-cutting need is for prominent, well-vetted stories of success where natural and engineered solutions have been integrated with metrics of ROI, contributing to a database of performance metrics for specific IWS strategies. Initiatives such as the Latin American Water Funds Partnership (Box 1) and Peru's Ecosystem Services Incubator (a collaborative effort between the Ministry of Environment and Forest Trends) are promoting examples of replicable institutional models connected with the local biophysical, political, social and market context. Forest Trends' Ecosystem Marketplace (Bennett and Carroll, 2014 ), CONDESAN's infoandina.org (a knowledge-sharing platform for IWS programs in Peru), and industry organizations such as the Association of Regulators for Drinking Water Supply and Sanitation in the Americas (ADERASA) and the Latin American Association of Water and Sanitation Operators (ALOAS) are beginning to promote and develop tools for mainstreaming green infrastructure among their members. Rathwell and Peterson (2012) discuss the importance of networks and bridging organizations for scaling up integrated management approaches by local municipalities across whole watersheds. More efforts like these are needed globally to shine a light on successful case studies, and to more firmly embed IWS within the institutional culture of water resources management.
Mainstreaming IWS will require global and regional policies and standards of practice to help overcome transaction costs and provide
Box 3
Designing cost-effective IWS programs with RIOS As IWS programs proliferate, demand is growing for tools to target conservation interventions to maximize results. Some are more regional in scope (e.g., Jang et al., 2013) and others local (e.g., US EPA, 2009; Labiosa et al., 2013 ). Yet all require significant time, data, and capacity to produce results, are tailored to a specific context, or do not consider cost-effectiveness or multiple benefit streams. The Resource Investment Optimization System (RIOS; Vogl et al., 2015) streamlines the process of targeting investments in watershed conservation and restoration. RIOS uses biophysical and social data to produce a portfolio of targeted activities to maximize improvement in one or more watershed services, considering landscape context, the location and number of beneficiaries, stakeholder preferences, budgets, and activity feasibility. The results have been used along with watershed service models to produce return-on-investment curves that help program managers set fundraising targets and garner support from key beneficiaries (Fig. B3.1) . Fig. B3 .1. The RIOS model informs development of return-on-investment curves, which show changes in specified water security goals (such as limiting sediment export while maintaining water yield) across different levels of investment. This example, from the Desbaratado watershed in the Water for Life and Sustainability (Agua por la Vida y Sostenibilidad) IWS program near Cali, Colombia, shows that increasing levels of watershed investment in this catchment can accrue significant benefits for reducing sediment in streams, while potentially augmenting annual water yield. These results help program managers design activity interventions, set fundraising targets and garner support based on expected returns at different budgets.
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Environmental Science and Policy 75 (2017) 19-27 incentives, replicable models of success to change institutional cultures, and information for diverse actors to see IWS as a feasible, costeffective, and reliable strategy. Successful integration will be achieved when governments, multilaterals, water utilities, and other actors routinely consider IWS not solely as a conservation tool, but as part of a strategic infrastructure portfolio for enhancing water security that delivers additional co-benefits from improved watershed management.
